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CHAPTER ONE 

INTRODUCTION  

1.1. BACKGROUND OF THE STUDY  

The stability of any structure resting on the fine grained soils is one major concern 

of geotechnical engineers that demands several phases of detail investigation. The need for 

engineering properties of soils for use in planning, site selection, design, construction, and 

maintenance of transportation facilities is recognized by civil engineers. The geotechnical 

and structural stability requirements are significantly affected by the properties of the soil 

found below the structure that however needs to be properly identified, tested and 

characterized. These will help to detail the behavior of soil. The properties of soil such as 

permeability, compressibility and strength of soil always affect the design and 

constructions. However, obtaining these engineering properties of soils requires extensive 

laboratory and field testing, and these approaches relatively consume more time and 

money. Moreover, appropriate estimation of soil settlement is of significant importance 

since it directly influences the performance of building and infrastructures that are built on 

soil. However, most of the Engineering properties of soils depend up on the simple 

basic/index properties. In other word, considering test time, money, and effort, laboratory 

determination of the index properties of a soil is much easier than investigating the 

engineering properties. Therefore, by obtaining the index property of soils that involves 

simpler and quicker method of testing, the properties can be statistically predicted 

satisfactorily from empirical correlations.  

The soil consolidation will occur as a result of expulsion of water from the soil 

pores. This process has occurred continuously until all the excess pore water pressure 

caused by total stress change is totally dissipated. The designing process, is really necessary 

to takes total consolidation that will occur in the structure and avoid the differential 

settlement which led to crack in building structure. Settlements in deep deposits in soft clay 

constitute an engineering challenge in construction of buildings, road embankments, flood 

control levees, dykes and dams. For improvement of soft soil or the construction of 

building foundations or embankments, it is essential to know the rate of compression of this 

soil. This can be done by conducting routine one-dimensional consolidation tests from 
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which the values of compression index Cc and coefficient of consolidation cv can be 

evaluated. The compression index is one of the important soil parameters that are essential 

for geotechnical designs. Because laboratory and in-situ tests for determining the 

compression index (Cc) value are laborious, time consuming and costly, empirical formulas 

based on soil parameters are commonly used. This process is time consuming and there is a 

need to predict long term settlement with a high degree of accuracy in short duration of 

time by correlating these long process for determination of consolidation test of soil with 

some other simple properties tests. Due to time constrains, emergency of the project as well 

as for a better comparison, several correlations are widely used while preparing 

geotechnical investigation report. Several empirical correlations were developed by other 

researchers. Some correlation based from Liquid Limit value has been developed. 

However, this empirical formula is only correlations of soil in the particular country. 

Therefore, a new empirical correlation is needed which can more generally applied in all 

type of clay soil. 

Compression Index is used widely for estimation of settlement during design of 

foundations. In particular, it needs tests, limited laboratory facilities and preliminary 

evaluations, various equations are available in the literature to simply estimate the 

compression index using some soil index properties. However, applicability of these 

equations is often limited for the interested site due to their establishment from different 

databases.  Thus, it is more realistic way to employ the correlations developed using local 

data of region, provided that data is available. So, this study aims to develop correlations 

for the compression index dependent upon the soil index parameters of plastic index for 

fine grained soil at Azezo-Tseda sub city. The behavior of soil is an important element 

which always concerned in civil engineering. The properties of soil such as plasticity, 

compressibility or strength of soil always affect the design in constructions. Lack of 

understanding of the properties of the soil can lead to construction errors that are costly in 

effort and material. The suitability of a soil for a particular use should be determined based 

on its engineering characteristics and not on visual inspection or apparent similarity to other 

soils. The aim of this research is to know the relations PI between physical properties and 

mechanical properties of the soil. Physical properties refer to the Atterberg Limit Test to 

determine Plasticity Index (PI). The Atterberg Limit test is simple and rapid. Meanwhile 

mechanical properties refer to One Dimensional Consolidation test (Oedometer test) to 
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1.4. THE OBJECTIVE OF  THE STUDY  

1.4.1. General Objective 
The objective of the research study is to develop a statistical model to predict 

compression index from index properties of soil in Azezo Tseda Sub City, Gondar 

1.4.2. Specific Objectives 
The specific objectives of this study are. 

a) To undertake detail literature review related to this research 

b) To conduct Index Property Tests and classify the soils found in Azezo Tseda sub city. 

c) To conduct one dimensional consolidations tests and determine compression index 

parameters of the soils in Azezo Tseda sub city. This is for the corresponding index 

properties and each category of the soils classified for each soil sample 

d) To develop a new simplified statistical model helpful to predict compression index 

from index properties of soil in Azezo Tseda Sub City, Gondar using multiple 

regression analysis with subset selection and interaction routines. 

e) To validate the newly developed prediction model using primary and secondary data 

f) To compare the newly developed prediction model with other similar models 

1.5. SCOPE 

This study is restricted to predict compression index from index properties of fine-grained 
soils at Azezo Tseda sub city Gondar. The depth of ground investigation is limited to 2.5m-
3meters. In order to conduct the proposed predictive models or correlation, only twenty 
laboratory test results are used in this study. With regard to the regression analysis, 
depending on the trends of the scattering of test results the correlation is analyzed using 
multiple regression models within the aid of excel and JMP-13 SAS software. 

1.6. SIGNIFICANCE OF THE RESEARCH 

This study is important to estimate one of the fundamental engineering properties of 

soils particularly useful for settlement computation for the project where there is a financial 

limitation, lack of test equipment or limited time, and statistical predictive models are 

commonly used in the preliminary stage of any project. The attempts have been made to 

obtain correlation between Compression Index (cc) and index properties of fine grained 

soils of Azezo-Tseda sub city.  
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CHAPTER TWO  

LITERATURE REVIEW  

 

2.1. GENERAL FOCUS OF THE REVIEW  

The vertical, downward movement of a structure occurs when the volume of a soil 

on which the structure is built decreases. Unless the settlement is not kept within a tolerable 

limit, the desired use of the structure may be impaired and the design life of the structure 

may be reduced. The safety of structures in fine grained/clay soils demand greater attention. 

The consolidation characteristic of saturated soft/compressible geo-materials is very useful 

for forecasting the magnitude and time of the settlement of the structure. One responsibility 

of the Geotechnical Engineers in this regard is to calculate the extent of the possible 

settlement of the structure, therefore the study focusing consolidation characterization of 

clay soil is very important. Precise estimation of this property is critical for calculating 

settlement of soil layers. Due to their low permeability, the case has become more critical 

for fine-grained soils, resulting in Compression Index (Cc) to be the most accepted 

parameter to date to represent soil compressibility.  

As explained in chapter 1, the objective of this study is to develop a statistical 

model to predict Compression Index (Cc) from conventional index test parameters of fine-

grained soils. In order to achieve such an objectives, it is necessary to perform a review of 

the relevant literature, which has been organized according to the problems listed in the 

previous chapter. In this literature review, therefore, the following points are focused and 

summarized: fine grained soils: - index property testing and characterization classification 

of fine grained soils. Identification of clay soils: - methods based on physical properties, 

methods based on consistency limits; consolidation characterization of clay soil, 

consolidation properties: one dimensional consolidation tests and existing fine grained soil 

compressibility index prediction models. 

2.2. FINE GRAINED /CLAY SOILS  

2.2.1. Characteristics of Fine Grained/Clay Soils 
Plastic Fine Grained soils are those that plot above the ‘A’ line on the plasticity 

chart (Bowles, 1992; Roy.whitlow, 1995). Clays are virtually impervious, difficult to 
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2.2.3. Classification of Fine Grained Soils 
The classification system is called the Unified Soil Classification System 

(USCS).The Unified Soil Classification System, or USCS, is the system used 

internationally to classify soils. Most commonly, it employs a two-letter symbol. The first 

letter indicates whether the soil is Gravel (G), sand (S), Silt (M), or Clay (C). The letter for 

silt could not be S, as that letter was already used for sand, so the letter M was chosen. The 

second letter gives additional information on the soil. For coarse-grained soils, the second 

letter can be M or C, indicating that the gravel or sand has a significant amount of silt or 

clay particles in it. For fine-grained soils, the second letter can be H, meaning high 

plasticity (high liquid limit and high PI), or L for low plasticity (low liquid limit and low 

PI). Flowchart to classify a fine grained soil by the USCS is shown in Figure 2. 1. 

 

Figure 2. 1. Flowchart to classify a soil by the USCS. 

2.2.4. Engineering Significance of Classification Parameters and                                  
Plasticity Chart 
The plasticity index PI is definitely the index most used in practice, with the 

liquidity index a distant second. The others are rarely used. The PI essentially relates to 

how small the clay particles are in the soil: the higher PI is, the smaller the clay particles 

are. Very high PI values (60 or more) are associated with a predominance of very small 

clay particles, such as in montmorillonite; low PI values (20 or less) are associated with a 

predominance of larger clay particles, such as in kaolinite. Thus, the PI value gives an 

indication of some important properties of a soil. For example, a high PI value indicates a 

soil that will be very difficult to compact, has a high shrink-swell potential, and has low 

permeability. A low PI value is often required for fill material when good drainage is 

important, such as for pavement layers and retaining walls backfill. From the point of view 

of soil strength, the friction between particles decreases with increasing PI. Also, a 
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comparison between the natural water content and the limits can give an indication of 

possible soil behavior.  

For example, if the natural water content is higher than the liquid limit, the soil is 

likely to be sensitive (it may lose significant strength when remolded). If the soil has a 

water content close to the shrinkage limit and a high shrink-swell index, beware of swelling 

problems if the soil can get wet (Bowles, 1992; engineering properties of expansive clays, 

1956; Briaud, 2013). The plasticity chart was developed by Arthur Casagrande, an 

Austrian-born American civil engineer, around 1932. The plasticity chart is a plot of the 

plasticity index versus the liquid limit of a soil (Figure  2.2), and is used for the purpose of 

classifying fine-grained soils according to their plasticity.  

 
Figure  2.2.     Plasticity Chart (Notes of the compresibility of clays, 1944)/ 
 

The A-line is an empirically chosen line that splits the chart between clays above 

the A line and silts below the A line. The vertical line, corresponding to a liquid limit equal 

to 50%, separates high-plasticity Fine-Grained Soils (wL> 50) from low-plasticity fine-

grained soils (wL< 50). To classify a soil, the plasticity index and liquid limit of that soil 

are plotted on the chart; the region in which the point falls indicates what type of fine-

grained soil it is or what kind of fines are encountered in a coarse-grained soil. The 

plasticity chart is the basis for the classification of fine-grained soils and of the fines 

fraction of coarse-grained soils. 





 
10 

agricultural science; he came up with what is now known as the Atterberg limits around 

1910 as a means of classifying fine-grained soils. The Atterberg limits are water contents of 

remolded fine-grained soil. The limit tests are performed on remolded samples of silts or 

clays or more generally on the portion of a sample finer than sieve #40 (0.425 mm 

opening). These limits indicate the points at which the consistency of a fine-grained soil 

(Figure 2.3) changes from a liquid state to a plastic state (liquid limit), from a plastic state 

to a semisolid state (plastic limit), and from a semisolid state to a solid state (shrinkage 

limit). The liquid limit wL has a precise ASTM definition (ASTM D4318; ASTM 2004a). 

In short, it is the water content at which the remolded soil behaves like a soft paste 

(toothpaste consistency). This particular water content varies significantly depending on 

how fine the particles are. For example, very fine clay particles can have liquid limits 

approaching 100%, whereas silt particles may have liquid limits of around 30%. More 

precisely (Figure 2.3), the liquid limit is defined as the water content at which the two sides 

of a small amount of soil placed in a standard cup and grooved by a standard tool will flow 

together over a distance of 12.5mm when hit by 25blows in a standard liquid limit 

apparatus. 

 
Figure 2.3.     States of consistency and Atterberg limits. 

The plastic limit wP also has a precise ASTM definition (ASTM D4318; ASTM 

2004a). In short, it is the water content at which the remolded soil behaves like a hard paste 

(soft caramel). More precisely, the plastic limit is the water content at which a soil will 

begin to crumble when rolled into a thread 3.2 mm in diameter. The difference between the 

liquid limit and the plastic limit is the plasticity index or Ip. The plasticity index has been 
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are only valid when dealing with normally consolidated fine-grained soils. The focus of this 

paper is on published linear empirical equations used to estimate Cc in terms of the index 

properties of the soil (A,AL,K,K,M,and Robert Jacobs, 2017).   


























































































































































































